The brown polymers, melanoidins, which are formed by the amino-carbonyl reaction, are analogous to humic substances of soils1) or melanins2) in regard to their chemical properties. In addition, they exist not only in various foods, but also in distillery and cane molasses wastes. Therefore, the degradation3A) and decolorization5) by chemical and microbial treatments has been attempted on the melanoidins in order to characterize their chemical structure and from the environmental chemical aspects. However, the chemical structure of chromophores and the main skeleton of melanoidins have not been elucidated. The authors6'7*reported on the degradation products formed by pyrolysis of the melanoidins in order to clarify their partial chemical structure.
In this paper, we investigated the decolorization and decomposition products of melanoidins by use of hydrogen peroxide considering also environmental chemical aspects.
Melanoidins prepared from a glucose-glycine reaction system were chosen for the present study.
MATERIALS AND METHODS
Preparation of nondialyzable melanoidins. Glucose (1 mol), glycine (1 mol) and sodium bicarbonate (0.2mol) were dissolved in distilled and deionized water, made up to 500ml (pH 6.8) and refluxed in an oil bath at 95°C for 7hr. The resulting brown solution was dialyzed against distilled and deionized water for 2 weeks. The nondialyzable fraction was lyophilized and the dried powder was extracted with diethyl ether in order to remove low molecular substances. The residue was dried over phosphorous pentaoxide in vacuo to obtain the nondialyzable melanoidins. The yield of purified nondialyzable melanoidins was 17.6 g from 180g of glucose. Fractionation, characterization and determination of degradation products. The reaction mixtures of melanoidins treated with hydrogen peroxide were fractionated into an aqueous fraction and an ether-soluble fraction. The ether-soluble fraction was fractionated into neutral, basic and acidic fractions according to the method described in the previous paper.6) Acids in the acidic fraction were methylated with diazomethane. Fifty micrograms and lOO^tg of H-tridecane as internal standard was added to the neutral and acidic fractions, respectively. Low molecular substances in the ethersoluble fraction were identified and determined by gas chromatography (GC) and gas chromatograpy-mass spectrometry (GC-MS).
One part of the aqueous fraction was applied to a Sephadex G-50 column (2.2 x 48 cm) and developed with 0.1 mNaCl containing 1 him sodium azide at a*flow rate of 4 ml/hr. Molecular weight was estimated by calibration of the elution volume corresponding to a maximum peak of sample against that of the molecular markers for pullulans ( The injection port and detector temperature were kept at 200°C. Nitrogen was used as the carrier gas at a flow rate of 1.5ml/min with a split ratio of 1 :25. Measurement of the gas chromatographic peak area was determined by a Shimadzu Model Chromatopac El -B integrator connected with the gas chromatograph.
Gas chromatography-mass spectrometry (GC-MS). GC-MS spectra were analyzed with a JEOL JMS-DX-300 Mass Spectrometer. Ionization voltage was 70 eV and ion source temperature was kept at 220°C. A fused silica WCOT capillary column (50mx0.25mm i.d.) coated with PEG-20 M was used and the column oven temperature was programmed from 60°C to 170°C at a rate of 2°C/min and injection port temperature was 170°C. Helium was used as carrier gas at a flow rate of 1.0ml/min with a split ratio of 1 :50.
SDS-polyacrylamide
gel electrophoresis. Disc SDSpolyacrylamide gel electrophoresis was carried out as described by Weber and Osborn.8) The electrophoresis was performed at pH 7.2 using 0.1 m sodium phosphate buffer in the presence of0.1% SDS at 8mA per gel (0.5x8cm) for 3hr, 10% acrylamide gel being used. After electrophoresis, each gel was removed from the tubes and the relative intensity of bands on polyacrylamide gel was determined by scanning at 450nm using a Toyo DMU-33C densitometer.
RESULTS

Decolorization
by glucose oxidase Melanoidins were incubated with glucose oxidase under optimal conditions. (2) Effect ofpH. Figure 2 shows the decol- was also confirmed by FTD. In the neutral fraction, 2-methyl-2,4-pentanediol was the most abundant component, while in the acidic fraction acetic acid was the main component as shown in Table III . The other major peaks on the gas chromatograms of the acidic fraction were identified as propanedioic acid (peak 9), butanedioic acid (peak 13), 2-hydroxyprop anoic acid (peak 14) and so on. of the reaction mixture and took place markedly in the alkaline pH region rather than in the acidic and neutral pH regions (Figs. 2~5) .
Generally, hydrogen peroxide reacts with the hydroxyl anion to give mainly perhydroxy anion (HOO~) which has a strong nucleophilic activity.9) The perhydroxy anion is considered to attack nucleophilically the carbonyl groups in melanoidins.
The findings that both decol- In addition, it appears that branched chains such as compound IV and compounds containing a furan ring also exist. The presence of carbon branched chains is supported by the formation of 2-methyl-2,4-pentanediol identified in the neutral fraction. The formation of Af,7V-dimethylacetamide in the neutral fraction suggests that a part of the linkage of the nitrogen atoms in the melanoidin skeleton is a tertiary amine type. On the other hand, glycine identified in the aqueous fraction is considered to have a configuration susceptible to liberation by hydrogen peroxide treatment. A recent study19) using N-15 labeled melanoidins, revealed that the nitrogen in the melanoidins was mainly in the secondary amide type. In the present investigation, glycine seems to be formed by the cleavage of amide type linkages in melanoidins by hydrogen peroxide. Furthermore, the decrease of the mean molecular weight of melanoidins was shown by the gel filtration of aqueous fraction (Fig. 6 ). The decrease of mean molecular weight is supposed to result from the cleavage of the C-CO bond, NH-CO bond etc. in melanoidins. Other approaches, however, are also needed for further characterization of the melanoidin structure. We are now studying the decolorization and degradation of the melanoidins
